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ADDITIONAL FATIGUE TESTS ON EFFECTS OF DESIGN DETAILS 
IN 555-16 SAND-CAST ALUMINUM ALLOY 


By Г. D. Eston and John А. Youra 
SUMMARY 


Additional static and fatigue tests were made оп aluminum-alloy 355-T6 
sand-cast specimens. Direct-stress fatigue tests were made on plate-type 
specimens with a single 1-inch-diameter as-cast cored hole and on specimens 
in which the cored hole was reamed to 1s; -inch diameter. Іп addition, 


direct-stress fatigue tests were made on 0.300-inch-diameter specimens, 

with various degrees of porosity, machined from the butt ends of plate- 

type specimens. Comparisons are made with the results of earlier tests, 
on plate-type specimens with variations in design details such as bosses 
and ribs, given in NACA Technical Note 2394. 


Within the range of stresses used, there were no significant differ- 
ences in the fatigue strengths of sand-cast specimens with a l-inch- 
diameter cored hole when tested with the hole in the as-cast condition or 
with the hole enlarged 1/16 of an inch in diameter by reaming. When the 
results of tests on the specimens with a l-inch-diameter cored hole are 
compared with results, from the previous investigation, for specimens in 
which а small cast boss was removed and а l-inch-diameter hole drilled and 
reamed in the center of the plate-type specimen there is found to be no 
significant difference in the results except for a slight difference in 
the static strengths. 


The direct-stress fatigue test results on 0.300-inch-diameter round 
polished specimens indicate no correlation between the fatigue strengths 
developed and visual porosity ratings. 


INTRODUCTION 


In July of 1951 the Aluminum Research Laboratories of the Aluminum 
Company of America reported in reference 1 direct-stress fatigue test 
results for plate-type specimens in 555-16 sand-cast aluminum alloy with 
variations in design details including bosses, with and without centrally 
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located holes, and longitudinal and transverse ribs. Following the pres- 
entation of the results from this early investigation, some interest was 
shown in a comparison of the fatigue strengths of the plate-type specimen 
with a reamed open hole, ав used in the initial investigation, with a new 
Specimen in which the open hole was cored and thus had entirely as-cast 
surfaces. Іп addition, the question arose as to the effects of various 
degrees of porosity on the fatigue strength of the plate-type specimens 
of the initial investigation. Reported herein are results of the addi- 
tional direct-stress fatigue tests on: (1) & plate-type specimen with 
cored centrally located hole and (2) 0.300-inch-diameter round polished 
specimens with various degrees of porosity. 


The objects of this investigation were: (1) to compare the static and 
direct-stress fatigue strengths of plate-type specimens, of 555-Т6 aluminum 
sand-cast alloy, having a centrally located cored hole with the corre- 
sponding data from reference 1 for similar specimens with other types of 
design details such as bosses and ribs; (2) to study the effects of the 
conditions at the rim of an open hole by comparing the strengths of speci- 
mens with: (a) a cored hole (type 1B), (b) a hole in which the cylindrical 
surface was machined by reaming (type 1B-1) and, (с) a hole in which both 
the cylindrical surface and а narrow rim on both faces of the specimen 
were machined (type 1); and (3) to study the effects of porosity on the 
fatigue strengths of 0.400-inch-diameter specimens taken from the grip 
ends of the plate-type specimens tested. 


This work was done by the Aluminum Company of America and has been 
made available to the National Advisory Committee for Aeronautics for 
publication because of its general interest. 


MATERTAL AND SPECIMENS 


Тһе plate-type fatigue specimen with the l-inch-diameter cored hole, 
one of the new specimen types used in this investigation, is shown in 
figure 1. The second new type was obtained by reaming the cored hole to 
a diameter of 1= inches. These specimens were cast at Alcoa's Cleveland 


Works using the basic pattern previously described in reference 1. The 
mechanical properties of the 555-Т6 aluminum-alloy sand-cast material as 
determined at Cleveland on separately cast test bars are shown in table І 
along with the mechanical properties of the material used in preparing the 
specimens for the earlier tests. Phe mechanical properties are found to 
be in good agreement with the average properties for the several lots of 
material used in the previous investigation. These properties are found 
to exceed the specified values and are in good agreement with typical 
values given in reference 2 and are in general agreement with Federal 
Specifications QQ-A-601a. 
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Ав was the case for the specimens in the previous investigation, 
these specimens were radiographed at the Cleveland Works and only those 
Pound to be generally sound were submitted for test. Figure 2 shows 
the three conditions at the edge of an open hole studied, namely, 

(1) plain cored hole (type 1B), (2) reamed hole in plate with as-cast 
surfaces (type 1В-1), and (3) reamed hole, machined surfaces (type 1, 
boss machined flush with plate previous to reaming hole). 


The 0.300-inch-diameter round polished direct-stress fatigue speci- 
mens illustrated in figure 5 were machined from the butt ends of the 
plate-type specimens. Twenty-four specimens were obtained from the butt 
ends of а specimen which had not been previously tested because of mis- 
registry of the design detail. The location of these specimens is shown 
in figure 4. Four additional specimens were obtained from each end of 
several plate-type specimens which had some fatigue test history. In 
each case, the plate-type specimen had withstood a considerable number 
of cycles at a low stress (based on the minimum area of the test section) 
without failure. Ав can be seen in figure 5, which illustrates the loca- 
tion of the small specimens within the butt ends, specimens A and B were 
taken from a section of the butt end beyond the Кеумау through which the 
load was transferred and thus should not have been subjected to any 
significant stress cycles during the fatigue testing of the plste-type 
specimen. Even though the small specimens C and D were taken from por- 
tions of the butt end which had been subjected to & cyclic stress, it is 
believed that the stresses were so small that the behavior of these speci- 
mens would show no effect of the previous stress history. As will be seen 
later, the results for specimens taken from these two locations (speci- 
mens С and D) gave fatigue test results which were consistent with the 
results of specimens taken from nonstressed material (specimens А and B). 


PROCEDURE 


One static and five fatigue tests were made on specimens of the буре 
shown in figure 1 with а l-inch-diameter cored hole (type 1B). Та addi- 
tion, three fatigue tests were made on specimens in which the cored hole 


had been reamed to 12 - inch diameter (type 1В-1). Тһе procedure for the 


static and fatigue tests on these plate-type specimens has been previously 
described in reference l. 


Previous to testing, the O.200-inch-diameter direct-stress fatigue 
specimens were arranged in order of increasing porosity as evaluated by 
visual inspection of the machined surfeces. The specimens were divided 
into five groups in the order of increasing porosity: little, slight, 
medium, appreciable, and heavy. The degree of porosity for the five clas- 
sifications is illustrsted in figure 6 which shows machined flat coupons 
also taken from butt ends of the plete-type specimens. 
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Static testing of thé round polished specimens was done in ап 
Amsler Universal Testing machine+ of the hydraulic type having multiple 
load ranges from a minimum of 200 pounds to a maximum capacity of 
20,000 pounds. The fatigue tests of round polished direct-stress fatigue 
specimens were made in a Krouse direct tension-compression fatigue 
testing machine having a maximum capacity of 5,000 pounds. Adaptation 
of these specimens to the fatigue testing machine was made with the use 
of fixtures, designed under the direction of Mr. R. L. Templin, which 
incorporate split rings. 


RESULTS 


The result of the static test on the cast plate-type specimen with 
the as-cast cored l-inch-diameter hole (type 1B) is given in table II. 
Included in the table for comparisons are the results, taken from refer- 
ence 1, for the other plate-type specimens. It can be seen that the 
strength of the specimen with the cored hole is greater than that of the 
specimen having a reamed hole with machined rims (type 1) but less than 
that of the pleain-plate specimen (type P). Тһе ultimate strength devel- 
oped by the specimen with а l-inch cored hole is about 10 percent lower 
than the tensile strength of the material as determined by tests of 
separately cast test bars, whereas the strength of the specimen having 
а, reamed hole with machined rims is about 20 percent Лева than that of 
the separately cast test bars. The strength of the specimen with the 
согей hole is greater than the strength of specimens with any of the 
other design details studied in reference l. 


The results of the fatigue tests on the specimens with the l-inch- 
diameter cored hole (type 1B) апа the specimens in which the hole was 


reamed to 155. - inch diameter (type 1В-1) are given in table III. Тһе 


results have been plotted in figure 7 in which the data are compared with 
the band of results obtained for the several specimen types reported in 
reference 1. It can be seen that, except for the difference in the static 
strengths, there is no significant difference in results obtained for the 
three specimen types with unreinforced holes. А single curve has been 
plotted in figure 7 to represent the fatigue test results for the two new 
Specimen types. Included in figure 7 is an average curve, from figure 5(a) 
of reference 3, for test results on polished round specimens machined from 
separately cast test bars. 


In table IV, the results of tests on sand-cast and wrought aluminum- 
alloy specimens with unreinforced holes аге compared and fatigue strength 


Туре 10SZDA, serial number 5068. Periodic calibration of this 
machine indicates that the error in Јова reading is less than 1 percent 
throughout the load range used. 
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reduction factors, based on round polished specimens, вге listed. 
Included in the table аге calculated stress concentration factors, from 
table XVII of reference №, for the specimens with holes. It can be seen 
that for calculated stress concentration factors of 2.5 and 2.7 the range 
of fatigue strength reduction factors for the castings was only 1.6 

to 1.9. Further, for stress concentrations of about the same magnitude 
in the wrought and sand-cast specimens the sand-cast specimens are con- 
siderably less effected by the unreinforced hole than wrought 1385-16 

or 61S-TÓ specimens; that is, the fatigue strength reduction factors аге 
lower for the 355-16 sand castings than for the rolled bar. 


Phe results of static and fatigue tests on O.200-inch-diameter 
round polished specimens machined from butt ends of plate-type specimens 
ате given in table V. Included in the table are the porosity ratings 
based on visual observation of the machined surfaces of the specimens. 
The results of fatigue tests at zero stress ratio are plotted in fig- 
ure 8. In this figure, the results have been separated according to the 
porosity rating of the individual specimens and а band of results is 
shown which encloses 811 the test results. Study of these test results 
shows that no one of the following criteria gives consistently high or 
low results in the band of results shown: (1) porosity rating, (2) indi- 
vidual plate-type specimens from which the round specimens were obtained, 
(3) location of specimen within the butt end, or (4) direction of the 
axis of the round specimen with respect to the longitudinal axis of the 
plate-type specimen. 


It can be seen in figure 8 that there is no correlation between the 
porosity ratings and fatigue strengths of the specimens. For any of the 
porosity ratings for which a reasonable number of specimens were tested 
it. can be seen that the results cover the major portion, if not all, of 
the band of results shown. Further, specimens having the greatest degree 
of porosity helped to define the upper limit of the band of results and 
other specimens having a slight porosity rating, which is classed as 
next to the least porosity, helped to define both the lower and upper 
limits of the band. 


In figure 8, the specimens obtained from the butt ends of the plate- 
type specimen which had no previous stress history are indicated by solid 
symbols. ТЕ can be seen that the results of these specimens extend from 
the lower limit of the band of results at low numbers of cycles to fail- 
ure to the high limit of the band of results at the large number of cycles 
to failure. A band of results for this series of specimens alone would 
cover about (9 percent of the band of results for the entire series of 
specimens tested. Therefore, it would appear that the previous stress 
history had no significant, if any, effect on the fatigue test results 
obtained. Included in figure 8 is a replot of the curve for round speci- 
mens machined from separately cast test bars. For the range of cycles 
for which the curve is defined by data, the solid-line portion of the 
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curve, the results compare favorably with the results for specimens taken 
from the butt ends of the plate-type specimens. 


The results of a few tests on round polished specimens made at stress 
ratios of -0.5 and -1.0 are included in table У. These results are 
plotted in figure 9 in which the data points are superimposed on the band 
of results from figure 8 for tests made at a stress ratio equal to zero. 

1% can be seen that the results for the -0.5 and -1.0 stress ratios with 
but two exceptions fall within the band of results obtained for the entire 
group of specimens tested. Insufficient specimens have been tested at the 
negative stress ratios to define the relations between the fatigue strengths 
at О, -0.5, апа -1.0 stress ratios. 


The band of results for the 0.300-inch-diameter round polished fatigue 
Specimens is compared with the Бапа of results for the 1/A4-i1nch plate-type 
specimens with various design details and with the average curve for the 
plain plate-type specimen in figure 10. It is seen that the band of 
results for the plate-type specimens is lower than that for the round 
specimens for large numbers of cycles to failure, while for fatigue lives 
less than about 10,000 cycles one band covers the other. Further, it can 
be seen that the average curve for the plain plate-type specimen falls 
within the band.of results obtained for the round specimens in the range 
from about 4,000 to 400,000 cycles. It is slightly below the band at the 
high number of cycles to failure and above the band for the low number of 
cycles to failure. 


It can be seen in table III that all the fractures in the plate-type 
Specimens went through the centrally located holes. This was also the 
саве for the specimens of type 1 which had a l-inch-disemeter drilled and 
reamed hole as reported in reference 1. A typical fatigue fracture is 


shown in figure ll. 


It was originally planned to correlate the fatigue test results of 
the plate-type specimens reported in reference 1 with respect to the 
degree of porosity in order to explain some of the scatter in the results. 
In view of the lack of correlation between fatigue strength and degree of 
porosity found in the tests reported herein on 0.300~inch-diameter speci- 
mens, it is to be expected that the scatter in results of the earlier tests 
cannot be explained on the basis of porosity but is more likely typical 
scatter of results to be expected in cast materials. 


CONCLUSIONS 
From the foregoing data and discussion of the static and direct- 
stress fatigue tests on aluminum-alloy 555-16 sand-cast plate-type 


stress ratio is defined as the ratio of the minimm stress to the 
maximum stress. 5 | 
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specimens with a single centrally located hole and 0.400-inch-diameter 
round polished specimens, the following conclusions appear to be 
Warranted: 


1. The mechanical properties of the separately cast test bars, 
representing the new plate-type specimens used in these additional tests, 
compared favorably with the properties of the material used in the 
initial phases of this investigation. 


2. The ultimate strength of the plate-type specimen with a l-inch- 
diameter cored hole (32,460 psi) was about 10 percent higher than that 
of the plate-type specimen having a hole in which both the cylindrical 
surface and a narrow rim on both faces of the specimen were machined 
(29,100 psi). 


3. There is little, if any, significant difference in the fatigue 
strength of plate-type specimens with centrally located holes whether or 
not the hole is produced by the use of a core during casting, the hole 
is cored then reamed, or the hole is drilled and reamed into a spot 
machined by removing а boss. 


l. For calculated stress concentration factors of 2.5 апа 2.7 the 
range of fatigue strength reduction factors, for castings with an open 
hole, was from 1.6 to 1.9. 


5. For calculated stress concentrations factors of about the same 
magnitude, the fatigue strength reduction factors were found to average 
about one-third lower for cast material than for wrought material. 


6. There appears to be no correlation between relatively large dif- 
ferences in surface porosity and the fatigue strengths of 0.300-inch- 
diameter round polished specimens. 


T. The fatigue strengths of plain plate-type specimens with as-cast 
surfaces fall within the band of results for the 0.4500-inch-diameter 
round polished specimen for numbers of cycles to failure between about 
1,000 ала 400,000. They are slightly below the band of results for 
higher numbers of cycles to failure and slightly above the band of 
results for lower numbers of cycles to failure. 


Aluminum Research Laboratories, 
Aluminum Company of America, 
New Kensington, Pa., May 14, 1953. 
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TABLE I 


МЕОНАКЈОАТ, PROPERTIES GF 590-176 БАШ)-САЯР MATERIAL 


[nan separately cast test bars poured with the fatigue кеселі | 


Beatizfactory quality 
Batisfagtary quality 


2 
3.5 
3.5 
5.5 
5.0 
2,5 
5.0 
2.5 
1,0 
1,0 


е ЗРЯ SP PRESR Біз 8 Ұ SIFES 


н “м 


e 


ог details of specimen mas section 7 af A.B.T.M. specification B26-527, Восх 2 cf A.B.T.M. Standarda, 1952. 
te for lot of material used for additional tast speolmans, unless otherwise noted all others from tabla I, ref. 1. 


доев from table 21 af ref. 2. 


aal property requirements given in table ТТ of Federal Gpeaification QQ-A-60)a, П.Б. Goverment Printing Office, 
Feb. 3, 1950. 
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TABLE IT 


RESULTS OF STATIC TESTS ON SAND-CAST РТАТЕ-ТУРЕ SPECIMENS 
OF 255-16 ALUMINUM ALLOY 


Plate | Piety 
m Description Ultimate! Tensile 
уре ны, strength,* =. 
psi psi 
21,200 


Yield strength 
(0.2-регсепі offset), 


Unreinforeed cored l-in,.-diam. hole 


Plain 


Unreinforead reamed l-in.- diam, hole 
Boss with large fillet 
Bame as type 2 with hole in рова 
Boss with small fillet 
Ваше as type 5 with hole in boss 


Transyersa rib 


Longitudinal xib 


“based on net ares of rectangular cross section; for types 2 to 6 inclusive, section taken at edge of bogs or rib. 


bgtress concentration factor equals retio of tensile strength of separately cast test bars to that of plate-type 
specimen. 


“additional specimen type; all others reported in ref. 1. 
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TABLE TII 
STATIC AND FATIGUE TEST RESULTS OF 555-16 ALUMINUM-ALLOY SAND-CAST PLATE 
SPECIMENS HAVING AN UNREINFORCED HOLE AT CENTER OF TEST SECTION 


Nominal 
Actual load | Nominal stress,D P/A, 
condition, lb |maximum 


Through central hole 
no failure; removed 


5,455,100 
5,160|26,182,900 


“Зазей on actual load range апа zero minimum load. 


Poaleulated stress at minimum section based on load range and measured 
dimensions of individual specimens. 
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TABLE IV 


oud: round polished specimen 
GX: test section 9 dy % by 1/4 in., single reamed centrally located hole (41/6s-in. diam.) 
li test section ві by 8 by 1/% in., single reamed centrally loowted open hole (l-in. dian.) 
18: teat section B. by 8 by 1/% Іш.) single cored centrally located open hole (l-in. dimm.) 
18-1: test section BÈ by 8 by 1/% in., single resumed centrally locate open hole ( - іп. diam.) 
boaleulated stress conocutration factor from table XVII of ref. 4. 
QUmpublished results. 
bert rapolated value. 


Рахов strength reduction factor equals ratio of fatigue strength of round polished specimen to 
fatigne strength of specimen with орел hole. 
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TABLE У 


STATIC AND FATIGUE TEST RESULTS ОҒ SMALL ROUND POLIBHED ВРЫСТИЕКВ 
MACHINED FROM BUTT ENDS OF PLATE-TYPE SPECIMEN 


[pisa of test section, 0.500 ts. | 


Actual тсе А Исшізеј. stress 
ЕНА un: indi капа, 
_Dizestin , psi сте зато 
= Қолын йы м T 


Specimens machined from butt ends о? type 5 specimen Cl582-DT; по prerious stress history; stress ratio, О 


Plight 
Might 
Blight 
Slight 
Blight 
Slight 
Blight 
Blight 
Slight 
Slight 
flight 
Plight 
Slight 
Blight 
Sight 
flight 


ЭлбаталоооБлоооо 
оооооооооооосоооо 


Blight 
Slight 
might 
Slight 
Slight 


Specimens machined from butt exis of type 3 specimen C1582-DT; no previous history; stress ratio, -1.0 


C1582-DT-12 Slight е -по по -10,06G 10 Е 1,599,600 
=== | ве [ш [ров |a | ke | = 


—— A — PPP 
zero to 6,050 psi in test section; stress ratio, 0 


C1582-8T-A Medium a О 
AL Medium О о 
“В Medium о © 
-Bl Littla 10 о 
-C might о а 
-Cl Little 5 о 
-D Blight о а 
-DL Slight -5 о 
Specimens from butt emia of type 5 specimen С255%-8 tested for 95,505,200 сустав from zero to 
5,920 psi іп test section; stress ratio, О 
C2555—8-A io 0 
-Al 0 0 
“В -5 о 
-BL 9 о 
=C 9 а 
-C1 Q [2] 
-D Q о 
-D1 9 а 
Specimens from butt ends а” type 6 specimen C2TT1-T tested for 25/0890 (00. ачаа Eros лепа 
6,870 psi in test section; stress ratio, О 
C2TTi-T-A о 0 
AL -5 о 
-B 9 0 
-Bl о о 
-0 5 о 
-C1 О о 
-D 0 0 
-DL а о 
Specimens from butt enis of plain-type specimen C1205-F tested for 21,059,000 cycles from zaro to 
T,310 psi in test zection; stress ratio, О 
C1205-I-A Blight о а 
-Al Appreciable їй о 
-B Slight 5 о 
-ALl Blight о o 
2 Hlight 19 о 
-GL Slight о 0 
-D Might о 0 
=-DL Slight о o 


"Ath reference to Longitudinal center Line of piste-type specimen. 
bA11 specimens failed. 


sl 


at 


+ 


ef 


% 


Figure 1.- Plate-type fatigue specimen with l-inch-diameter согей hole 
(type 1B). For specimen type 1В-1 hole was reamed to 12 = inch diameter. 
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Figure 2.- Conditions of Open hole in monobloc sand-east spec 
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Figure 5.- 0.300- 
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(Specimen number followed by "-1" indicates it was machined 


Location of direct-stress fatigue specimens from machined 
from opposite butt епа.) 


casting. 


Figure P. 
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Figure 6.- Coupons used in grading 0.400-inch-diameter specimens for 
visual porosity rstings. 
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Figure 8.- Direct-stress fatigue test results for 355-T6 sand-cast aluminum 


alloy. Effects of variation i sity. Str tio = Minimum stress _ о 
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Figure 9.- Direct-stress fatigue test results for 555-T6 sand-cast aluminum 
alloy. -0.5 and -1.0 stress ratios. Stress ratio = Minimum stress. 
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Figure 10.- Comparison of direct~stress fatigue test results for 555-T6 aluminum- 
alloy sand-castings. As-cast т specimens and machined round specimens. 
Stress ratio = —— Berens ,, 
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Figure 11.- Typical fatigue fracture of sand-cast specimen with unreinforced 
open hole. (As-cast hole shown.) 
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